Induction, suppression and inhibition of multiple hepatic cytochrome P450 isozymes in the male rat and bobwhite quail (Colinus virginianus) by ergosterol biosynthesis inhibiting fungicides (EBIFs).
Ergosterol biosynthesis inhibiting fungicides (EBIFs) have complex effects on the hepatic microsomal monooxygenase systems of vertebrate species, having been described as mixed inducers and inhibitors of cytochrome P450. In the current study, we examined the effects of two EBIFs in clinical use, clotrimazole and ketoconazole, and two agricultural EBIFs, propiconazole and vinclozolin, on hepatic monooxygenase activities and P450 apoprotein expression in the male Sprague-Dawley rat and the male bobwhite quail. EBIFs produced Type II binding spectra with hepatic microsomes from both species and were effective inhibitors of methoxyresorufin O-demethylase, an activity selective for P450 isozymes in gene family 1. However, the EBIFs varied widely in their effectiveness as inducers of P450 isozymes in gene families 1, 2, 3 and 4, both within the same species and between species. In the rat, clotrimazole was the most effective inducer, increasing expression of CYP 3A isozymes over 450-fold, CYP 2B1/2 30-fold and CYP 1A1/2 12-fold and suppressing expression of CYP 2C11 nearly 70%. By contrast, in the quail, clotrimazole was the least effective inducer. In quail, vinclozolin and propiconazole elevated total P450 content 10- and 7-fold, respectively. The induction response also appeared to be mixed, but in this case consisted of a 5-fold induction of P450s in gene family 1A, a 3-fold induction of P450s in gene family 3A and 4A, and induction of protein(s) from gene family 2, cross-reactive with antisera against rat CYP 2C11 and CYP 2A1. A protein that was cross-reactive with antibodies raised against rat CYP 2B1 was decreased with EBIF treatment. In conclusion, EBIFs have complex patterns of induction, suppression and inhibition of cytochrome P450 isozymes in both mammals and birds, which vary according to both the fungicide and the species.